Introduction
Wildlife in Latin America is under enormous pressure as a result of human demographic growth, high rural marginalization and the lack of effective development and conservation policies where economic interests prevail over sustainability [1, 2] . The strategy of wildlife conservation through sustainable use has been directed mostly towards indirect policy mechanisms. This type of initiative, known as "conservation by distraction" [3] acts to incentivize rural communities to conserve biodiversity by providing sources of income and alternative forms of production through sustainable resource use [4] . However, some authors [5, 6] have indicated that these indirect models do not present optimal conditions due to technical, economic, social and political difficulties, particularly in rural communities.
In order to analyze wildlife management in Latin America, it is necessary to understand the cultural and socioeconomic context of the countries that form this region. Most of these countries have to exploit as much as possible the resources they have available in order to sustain their fragile economies and demand for consumption due to accelerated demographic growth [7] . In addition, the indigenous and most of the peasant communities depend on production for auto-consumption and subsistence hunting [8, 9] . Wildlife represents an important, often the only, source of calories and proteins in the diet of those groups [10] although, they are also used for other traditional purposes, such as clothing, tools and pets, as well as for medicinal, ritual and religious purposes, among others [11] .
Wildlife populations are threatened by deforestation, large-scale fragmentation and habitat loss [7] . Some species are more sensitive than others in the face of large-scale transformations of ecosystems. Moreover, due to their exploitable condition, resource species are subjected to additional pressures compared to species that are not directly used and thus commercial exploitation has a greater effect on biodiversity. These differential pressures to which species are subjected should be reflected in different management strategies. In this way, conservation policy may be oriented towards the protection of charismatic species that act as umbrella for protecting other species [12] , sensitive species that act as indicators of ecosystem health, or focused on the sustainable use of species that provide ecosystem services.
In Latin America at present, different schemes and modalities of conservation of wildlife exist that reflect the economic, cultural, social and ecological heterogeneity of the territories [7] . Wildlife management implies human action over the administration of resources [9] , particularly in legal and administrative terms (e.g., the Forestry law 1700 of Bolivia, the Pro-Extractive Forestry Policies of Brazil, the Wildlife Law in Mexico). A first challenge for governments is to achieve effective conservation of biodiversity that also helps to improve the quality of life of rural and marginalized people, reducing poverty and promoting self-management and sustainability [9, 13, 14] . A second challenge is to demonstrate the effectiveness and impacts of such government efforts through revision and evaluation of ongoing wildlife management policies.
Management and Use of Wildlife in Mexico
The natural and cultural history of Mexico has made it a key element in the conservation and management of a significant part of the global biodiversity [15] . The presence of native groups, numerous languages and traditional systems of knowledge (ethnic and cultural diversity) [16] , together with its geographic location, great richness of ecosystems and species, climatic zones, and geomorphological characteristics, distinguish the country as a strategic and highly biodiverse territory.
However, the wildlife of Mexico has been negatively impacted by threats that include deforestation, unsuitable livestock management causing overgrazing and soil degradation, extensive agriculture, draining of wetlands, urban and industrial contamination, illegal exploitation of plants and animals and the introduction of exotic species [17, 18] . Deforestation of tropical and temperate forests for agriculture and livestock production alone represents one of the greatest threats to wildlife [15] . This type of perturbation occurs most frequently in areas with high biodiversity that also happen to be the territories of different indigenous groups in Mexico, such as the central and southeastern states of the country: Oaxaca, Chiapas, Tabasco, Guerrero, Puebla and Veracruz [15] . These states are also marginalized regions that present extreme poverty.
In these regions in particular, resistance and the struggle for land property rights played a determinant role in the failure of the management and sustainable use of wildlife up to the mid-1990s [19, 20] . This socioeconomic trend and the consequent negative impact on natural resources obliged the Mexican authorities to modify the legislation relating to wildlife in order to propose alternatives and new legal schemes addressing management and conservation [15] .
Management Units for the Conservation and Sustainable Use of Wildlife (UMAs) in Mexico
In 1997, the Ministry of the Environment and Natural Resources (SEMARNAT) started implementing the Management Units for the Conservation and Sustainable Use of Wildlife (UMAs, by its Spanish acronym) as territorial units, in which the owners, whether governmental, private or under the ejido (in Mexico, the communal farmland of a village, usually assigned in small parcels to the villagers to be farmed under a federally supported system of communal land tenure) communal system, receive authorization to make sustainable use of certain wildlife species. There are two types of management in the UMAs; first are the free-living ones that comprises wildlife species in the wild, without movement restraints. These are big areas from hundreds to thousands of hectares. The second type comprises small properties with species maintained in captivity, called intensive UMAs. The main objectives of the UMAs are to integrate ecological, economic, social and legal strategies in order to address the biological issues, while simultaneously promoting participative conservation by involving the key stakeholders in decisions and actions of sustainable management [21] . Subsequently, in the year 2000, there were reforms to the legislation to permit and promote new economic incentives for the conservation of biodiversity. These reforms allowed the private, communal and ejido landowners, as well as representatives and administrators, to benefit directly from the use of the wildlife [22] .
However, controversy exists regarding the functionality and effectiveness of this policy in terms of appropriate resource management for conservation, the limited economic impact of this scheme on the stakeholders involved [22, 23] and on the development of the communities [6, [23] [24] [25] . In the twenty-one years since the beginning of the UMAs as a pioneering scheme of biodiversity conservation-with 5529 UMAs registered, corresponding to almost 20% of the national territory (35 million ha) [26, 27] -no national or regional assessments have been conducted to estimate their impacts and benefits [28] .
From the point of view of wildlife conservation in particular, the results of the operation of UMAs have not been comprehensively documented [29] . In general, the SEMARNAT lacks sufficient data to accurately determine whether the species in question are being used sustainably [15, 25] . Indeed, the economic benefit of exploitation of certain species of flora and fauna has already been granted, prioritizing this above the objectives of biodiversity conservation. Furthermore, previous studies have highlighted the lack of an evaluation that could indicate the conditions (temporal, spatial and administrative) under which the UMAs would constitute an effective strategy for the conservation of the species and their habitat [30] .
UMAs in Southeast Mexico
Around 60% of the area of southeastern Mexico is communal or ejido land [31] , in which approximately 35% of the population are routinely unable to meet their basic needs [32] . Unlike most of the UMAs that function in the north of Mexico (large areas of privately-owned land), wildlife management in the ejido lands of the southeast are within a context of marginalization, poverty and the cosmogony of the local and indigenous communities [6] . In this region, traditional uses and local consumption of species are frequently the result of subsistence hunting and other uses of the biodiversity that can represent economic income for the communities [22] .
Establishment of UMAs in this region implies internal adjustments in the communities in terms of governance and social organization, which defines the use of and access to the natural resources, thus generating "conflicts of conservation" [33, 34] . In these cases, the stakeholders involved often may have opposing perceptions and perspectives regarding the use and conservation of natural resources [33] . These conflicts generally result in a negative impact on the biodiversity (through overexploitation of species and destruction of habitat) and on the socioeconomic development of the local communities (as a consequence of the restriction of access to natural resources for traditional use and subsistence) [34] .
However, establishment of indicators and an evaluation framework that would allow measurement of the effectiveness and sustainability of the UMAs, linked in turn to socioeconomic factors, biodiversity loss, human impact and economic benefits to the community, among others, is a subject that is still incipient in terms of methodological development [35] . According to Ortega-Argueta and collaborators [28] , the development of such indicators is necessary in order to measure the long-term impact of the UMAs strategy, since the lack of multidimensional evaluation generates bias in the evaluation of its effectiveness as an instrument of in situ and ex situ wildlife conservation [36, 37] .
In this article, we present a study relating to this national wildlife policy (UMAs) that has been in operation for more than two decades in Mexico. The paucity of studies and information regarding the effectiveness of the UMAs in Mexico, both in terms of biodiversity conservation and the socioeconomic development of rural communities, prompted us to conduct this diagnostic. The objectives of the study were to: (1) characterize the UMAs System (SUMA, by its Spanish acronym), both in the intensive and free-living management, in the regional context in three states of southeastern Mexico (Chiapas, Tabasco and Veracruz); and (2) evaluate the impact of the UMAs on wildlife conservation through the selection of representative case studies of managed plant and animal species. Our goal in this paper is to present the main achievements and failures of this 21-year-old policy in the study area and to highlight its impacts on the southeastern region of the country.
Study Area and Methods

Study Area
The study area comprises three states of southeastern Mexico: Chiapas, Tabasco and Veracruz. The region covers an area of 170,468 km 2 (8.6% of the national territory) and has 14 natural regions [38] and 347 municipalities [39] , which are the smallest administrative unit. It is bordered by six states of the Mexican republic, and has an international frontier with Guatemala and coastline on the Gulf of Mexico and the Pacific Ocean of 936 and 255 km in length, respectively (Figure 1a) .
The study region is one of the zones of greatest biological diversity in Mexico and Mesoamerica; the presence of ecosystems such as the tropical humid forest, tropical seasonally dry forest, temperate forest and montane cloud forest is responsible for the great taxonomic richness of the region. The distribution of flora and fauna in the three states that comprise the study area differs markedly from that of the rest of the country. The great biological diversity of the region includes various endemic and threatened species, according to Mexican legislation (Mexican Official Norm 059-SEMARNAT-2010) [40, 41] . In the particular case of the vascular plants, of the 21,841 species registered in the national territory, the highest percentages of presence are found in two of these three states (35.9% in Chiapas with 7830 species and 31.5% in Veracruz with 6876 species), while Tabasco comprises only 12% with 2616 species [42] .
The study area has a total human population of 15,725,685 (representing 13.2% of the national population). It is a multiethnic and pluricultural region, in which 18.6% (2,930,927 inhabitants) correspond to the indigenous population, belonging to 14 different indigenous groups: Jacalteco, Mame, Tojolabal, Chakchiquel, Motozintleco, Lacandón, Tzeltal, Zoque, Tsotsil, Chol and Chuj, Chontal, Totonaca, Náhuatl and Popoluca [43, 44] . For characterization and analysis of the UMAs, only those that had presented their annual or semestrial report to SEMARNAT on dates after December 2012 were considered, or those that had presented some permit of wildlife use during the last six years (of the period 2011-2012 to 2016-2017). This was done in order to eliminate those UMAs that were not in continuous operation but still registered. The features analyzed were: geographic location, area of territory registered as an UMA, taxonomic classification of the species under management, origin of the species under management, category of risk or national and international protection of the species under management according to the Mexican legislation (NOM 059-SEMARNAT-2010, by its Spanish acronym) [40] , the Red List of the International Union for Conservation of Nature (IUCN) [46] and the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES) [47] and modalities of management: intensive vs. free-living (also known as "extensive"). These elements were analyzed quantitatively in frequency graphs for each of the states. It should be noted that inconsistencies were detected in the figures managed in the different official databases consulted, for which reason some of the values presented may have a certain degree of bias (over or underestimations).
Analysis Per Vegetation Type and Land Use
From the official database of SEMARNAT at the federal level, information was obtained regarding the spatial location (with geographic coordinates) of the UMAs registered for the three states. In addition, the polygons corresponding to each one of the UMAs were obtained in a vectorial projection using geographic information systems [48] . 
Spatial Analysis of the Optimum Factor of Potential Connectivity among the UMAs and Protected Areas for Conservation at Regional Level
From the official database of SEMARNAT at federal level, a map was generated using geographic information systems [48] , in which it was possible to locate the polygons of each of the free-living UMAs registered in the three states of the study region. We used only free-living UMAs for this analysis based under the same criteria of the vegetation type analysis. From the vectorial projection, an optimum factor of potential connectivity among the UMAs was estimated. The connectivity factors tested were defined according to a multiplier of the area of each UMA (for example, factor five is equivalent to five times the area of the UMA, factor 20 is equivalent to 20 times the area of the UMA, etc.).
These connectivity factors were used to generate buffer zones of different sizes around the UMAs in order to represent the possible area of influence of each UMA according to its own area. The optimum factor of potential connectivity was selected by the following four criteria: (a) number of potential conservation areas; (b) maximum number of UMAs with overlapping buffer zones; (c) area (ha) of the UMAs with overlapping buffer zones; and (d) total area (ha) of the potential conservation areas, known as the potential area destined for conservation.
Evaluation of the Impact of the UMAs on Wildlife Conservation in Southeastern Mexico Through the Selection of Representative Case Studies
From the official information, four case studies from both intensive and free-living UMAs were selected based on the following criteria: (1) species registered in the greatest number of UMAs in the region; (2) species of ecological importance for habitat conservation; and (3) species that are threatened and of economic and commercial interest. Based on these criteria, the following case studies were selected: mangroves (Avicennia germinans, Laguncularia racemosa and Rhizophora mangle), red cedar (Cedrela odorata), ponytail palm (Beaucarnea recurvata) and white-tailed deer (Odocoileus virginianus). Biological, socioeconomic and management aspects were analyzed for each species and group of species. This detailed analysis fulfilled the conservation and development objectives of the UMA scheme while taking into account the various administrative models.
Results
Characterization of the SUMA at a Regional Scale
The total number of UMAs registered for the three states is 1474, of which 499 are intensive and 975 are free-living. Of these, seven were removed from the official registry between 2012 and 2015, and 15 more had failed to provide a report or had no communication with SEMARNAT between 2013 and 2017, and as such were considered non-operating. Another 236 UMAs (145 intensive and 91 free-living) with some form of commercial use registered within their activities, had not received any authorization from SEMARNAT over the last six years (the period 2011-2012 to 2016-2017), for which reason these were also considered inactive. Finally, 382 UMAs (97 intensive and 285 free-living) had not emitted any report or received authorization of rate of use during the periods indicated, and these were therefore also considered inactive. After eliminating the UMAs lacking in reports and authorizations, the final number of active UMAs was 834 (which were considered in the analysis), of which 239 are intensive and 595 are free-living. These UMAs cover an approximate area of 427,635 ha, representing 2.5% of the total regional area and 1.2% of the total area of the SUMA at the national level. Of this area, 22,489 ha correspond to intensive UMAs and 405,149 ha correspond to free-living UMAs.
A total of 273 species with eight subspecies are managed in the UMAs in the studied area at a regional scale. These include 66 endemic species and one endemic subspecies; the orchid laelia (Laelia anceps dawsonii), 179 native species, 27 exotic species and one migratory insect species; the monarch butterfly (Danaus plexippus). Among these species are represented seven taxonomic classes of fauna (Mammalia, Aves, Actinopterygii, Reptilia, Amphibia, Insecta and Cnidaria), five of flora (Cycadopsida, Liliopsida, Magnoliopsida, Pinopsida and Pteridopsida) and two of fungi (Agaricomycetes and Pezizomycetes) ( Figure 2 ). The taxonomic classes with the greatest presence in the UMAs are Aves, Reptilia and Liliopsida, represented by 72, 52 and 50 species, respectively. Of these, the white-winged dove (Zenaida asiatica), green iguana (Iguana iguana) and ponytail palm (Beaucarnea recurvata), respectively, are the most representative species. The taxonomic classes most frequently managed in the UMAs are Magnoliopsida and Mammalia, registered in 523 and 236 UMAs, and represented by 10 and 42 species, respectively. Of the 273 species managed, the red cedar (Cedrela odorata), white-tailed deer (Odocoileus virginianus), ponytail palm (Beaucarnea recurvata) and a set of three mangrove species (Avicennia germinans, Laguncularia racemosa and Rizhophora mangle) are registered in the greatest number of UMAs. Species of ornamental, non-timber plants are managed mainly in the intensive UMAs in nurseries. These plants belong to the class Liliopsida and are mainly the ponytail palm (Beaucarnea recurvata) as well as different orchid species (e.g., Chysis bractescens, Laelia anceps, Stanhopea oculata and Stanhopea tigrina). Some reptiles, such as the pond slider turtle (Trachemys scripta) and the green iguana (Iguana iguana), are also common, and are managed on intensive UMAs, mainly breeding farms, as are some mammals such as the white-tailed deer (Odocoileus virginianus), collared peccary (Dicotyles tajacu) and the paca (Cuniculus paca). The free-living UMAs managed with greatest frequency different species of birds and mammals, mainly the white-winged dove (Zenaida asiatica), red-billed pigeon (Columba flavirostris), bobwhite quail (Colinus virginianus), white-tailed deer (Odocoileus virginianus), collared peccary (Dicotyles tajacu), paca (Cuniculus paca), armadillo (Dasypus novemcinctus) and eastern cottontail rabbit (Sylvilagus floridanus). Non-timber plants, such as different palms belonging to the genus Chamaedorea spp. (e.g., C. eliator, C. cataractarum, C. ernesti-augustii, C. glaucifolia, C. hopperiana, C. metalica and C. woodsoniana) are also managed at free-living UMAs, as well as some species of timber trees such as the red cedar (Cedrela odorata) and three mangrove species (Avicennia germinans, Laguncularia racemosa and Rizhophora mangle) (Figure 3 ). Of the 273 species managed, the red cedar (Cedrela odorata), white-tailed deer (Odocoileus virginianus), ponytail palm (Beaucarnea recurvata) and a set of three mangrove species (Avicennia germinans, Laguncularia racemosa and Rizhophora mangle) are registered in the greatest number of UMAs. Species of ornamental, non-timber plants are managed mainly in the intensive UMAs in nurseries. These plants belong to the class Liliopsida and are mainly the ponytail palm (Beaucarnea recurvata) as well as different orchid species (e.g., Chysis bractescens, Laelia anceps, Stanhopea oculata and Stanhopea tigrina). Some reptiles, such as the pond slider turtle (Trachemys scripta) and the green iguana (Iguana iguana), are also common, and are managed on intensive UMAs, mainly breeding farms, as are some mammals such as the white-tailed deer (Odocoileus virginianus), collared peccary (Dicotyles tajacu) and the paca (Cuniculus paca). The free-living UMAs managed with greatest frequency different species of birds and mammals, mainly the white-winged dove (Zenaida asiatica), red-billed pigeon (Columba flavirostris), bobwhite quail (Colinus virginianus), white-tailed deer (Odocoileus virginianus), collared peccary (Dicotyles tajacu), paca (Cuniculus paca), armadillo (Dasypus novemcinctus) and eastern cottontail rabbit (Sylvilagus floridanus). Non-timber plants, such as different palms belonging to the genus Chamaedorea spp. (e.g., C. eliator, C. cataractarum, C. ernesti-augustii, C. glaucifolia, C. hopperiana, C. metalica and C. woodsoniana) are also managed at free-living UMAs, as well as some species of timber trees such as the red cedar (Cedrela odorata) and three mangrove species (Avicennia germinans, Laguncularia racemosa and Rizhophora mangle) (Figure 3 ). In terms of categories of risk or protection of the species managed in the SUMA at a regional scale, 60.8% (166 species) are on the national list of species at risk [40] , with most (76%) under the category of "Threatened" (A). A total of 72.5% (198 species) are on the Red List of the IUCN [46] , where the category "Least Concern" (LC) is the most frequent (64.3%). Only 109 species (39.9%) are listed within CITES [47] . Also reported was a reptile species of the genus Pseudemys, the category of risk or protection of which is unknown due to the lack of identification of the species. However, according to the IUCN, the population trend of a large part of the managed species (51.1%) is currently categorized as "Decreasing" (Dc) [46] (Figure 4) . In terms of categories of risk or protection of the species managed in the SUMA at a regional scale, 60.8% (166 species) are on the national list of species at risk [40] , with most (76%) under the category of "Threatened" (A). A total of 72.5% (198 species) are on the Red List of the IUCN [46] , where the category "Least Concern" (LC) is the most frequent (64.3%). Only 109 species (39.9%) are listed within CITES [47] . Also reported was a reptile species of the genus Pseudemys, the category of risk or protection of which is unknown due to the lack of identification of the species. However, according to the IUCN, the population trend of a large part of the managed species (51.1%) is currently categorized as "Decreasing" (Dc) [46] (Figure 4 ). 
Analysis per Vegetation Type and Land Use
At a regional scale, the free-living UMAs cover nine of the 12 categorical vegetation type and land use at national scale: tropical montane cloud forest (TMCF), temperate forest (TF), mangrove (M), tropical humid forest (THF), tropical subhumid forest (TSF), hydrophilic vegetation (HV), halophilic and gypsophilic vegetation (HGV), induced or cultivated pasture (P) and other vegetation types (OV). The predominant vegetation types in the UMAs are THF, P and TMCF, which cover approximate areas of 141,948, 79,878 and 68,363 ha, respectively, followed by TF and M with approximate areas of 24,494 and 13,362 ha, respectively ( Figure 5 ). According to the official information of SEMARNAT [45] and the most recent National Report of Forestry and Soils [50] , relative to conserved vegetation, THF constitutes 39.7% of the area of the regional SUMA and 1% of the total area of THF at a national scale, while TMCF represents 19.1% of the area of the regional SUMA and 4% of the total area of TMCF at a national scale. The TF constitutes 6.9% of the area of the regional SUMA and 0.1% of the total area of TF at a national scale, while the mangrove covers 3.7% of the total area of the regional SUMA and 1.5% of the total area of mangrove at a national scale. In the case of disturbed vegetation, P covers 22.4% of the area of the regional SUMA and 0.4% of the total area of P at a national scale, considering induced or cultivated pasture ( Figure 5 ).
Spatial Analysis of the Optimum Factor of Potential Connectivity among the UMAs and Protected Areas for Conservation at a Regional Level
Of the connectivity factors tested in the spatial analysis, and based on the criteria of selection, factor 20 was suggested as the minimum factor desirable for potential connectivity among the UMAs at a regional scale (Appendix A). From the buffer zone generated for each UMA based on this factor, a total of 126 potential conservation areas were identified at a regional scale, with these areas understood to be integrated by the areas of the UMAs with overlapped buffer zones, as well as the area of the buffer zones themselves. Of these 126 areas, in two, more than 100 UMAs overlapped: one is the group of 189 UMAs close to the border between Chiapas and Tabasco (Figure 1b) and the second consists of 122 UMAs in the state of Chiapas (not shown in Figure 1b) . The potential conservation area with the third greatest number of UMAs was located in the center of the state of Veracruz, where 81 UMAs overlapped (Figure 1b) .
In the case of the first area (189 UMAs), the overlapping UMAs together accounted for an area of 21,095 ha, which, together with the area of their buffer zones, constituted a total potential conservation area of 4,555,350 ha. In the second area (122 UMAs), the overlapping UMAs together accounted for 5,711 ha, while the total potential conservation area was only 116,103 ha. Finally, for According to the official information of SEMARNAT [45] and the most recent National Report of Forestry and Soils [50] , relative to conserved vegetation, THF constitutes 39.7% of the area of the regional SUMA and 1% of the total area of THF at a national scale, while TMCF represents 19.1% of the area of the regional SUMA and 4% of the total area of TMCF at a national scale. The TF constitutes 6.9% of the area of the regional SUMA and 0.1% of the total area of TF at a national scale, while the mangrove covers 3.7% of the total area of the regional SUMA and 1.5% of the total area of mangrove at a national scale. In the case of disturbed vegetation, P covers 22.4% of the area of the regional SUMA and 0.4% of the total area of P at a national scale, considering induced or cultivated pasture ( Figure 5 ).
In the case of the first area (189 UMAs), the overlapping UMAs together accounted for an area of 21,095 ha, which, together with the area of their buffer zones, constituted a total potential conservation area of 4,555,350 ha. In the second area (122 UMAs), the overlapping UMAs together accounted for 5,711 ha, while the total potential conservation area was only 116,103 ha. Finally, for the third area in the center of the state of Veracruz (81 UMAs), the overlapping UMAs together covered an area of 7564 ha, comprising a total potential conservation area of 1,479,150 ha.
Evaluation of the Impact of UMAs on Wildlife Conservation in Southeast Mexico through the Selection of Representative Case Studies
Beaucarnea recurvata (Ponytail Palm)
The evaluation conducted for the inclusion of the genus Beaucarnea, Appendix II of CITES [47] reports that the wild populations of Beaucarnea recurvata are small, with a maximum density of 135 individuals per ha. At present, there is no updated and accurate estimate of the population size; limited regeneration is indicated along with a low establishment of seedlings due to the loss of habitat caused by land use change and the extraction of seeds and individual plants (seedlings, juveniles and adults) for their value as ornamental plants [47] . Despite the negative impact on wild populations, the population of cultivated and commercialized plants has increased, as well as their distribution, even at international level [51, 52] . In the state of Veracruz alone, over the last five years (2012-2017), SEMARNAT has registered 29 units in the SUMA with authorization for exploitation and marketing of Beaucarnea recurvata. Of the 29 units, five cultivate the species B. pliabilis and B. gracilis. However, the size of these units is unfavorable for habitat conservation, since only one is registered as a free-living UMA with 524 ha of area, and the rest are intensive UMAs with areas of less than 3 ha [45] .
In terms of conservation, the UMAs can act to reduce predation of wild individuals and can therefore also reduce deforestation of some remnants of conserved vegetation. In the socioeconomic dimension, production of Beaucarnea has had a significant impact since this is an endemic species of high commercial value as an ornamental plant. In this context, the value chain concept makes it possible to identify the social actors involved in the care of the species and its commercialization, as well as to identify how the price of specimens changes from their habitat to the final purchaser [53] . Unfortunately, according to an analysis of this value chain, conducted by a team of researchers from The Institute of Ecology A. C. (INECOL) [53] , the least favored actors are the owners who still conserve fragments of tropical low deciduous forest, while the most favored are those that commercialize this species in cities. This situation implies a risk for the sustainability of the value chain and also for the wild populations since these form part of an ecosystem that is undergoing fragmentation due to land use change and the development of agroecosystems that are incompatible with biodiversity conservation. This is the result of the non-equitable distribution of the benefits and the lack of a significant return for the landowners and communities that inhabit the tropical low deciduous forests [51, 52] . The institutional dimension, as well as that of the management of the scheme of conservation, reflects a lack of traceability of the products derived from the UMAs of the genus Beaucarnea. Moreover, there is the possibility of extraction of wild seeds, seedlings, juveniles and adults fraudulently certified under a legal production within the SUMA.
Avicennia germinans, Laguncularia racemosa and Rhizophora mangle (Mangroves)
Mangroves are diverse ecosystems of great ecological importance that provide a great variety of environmental services. They are considered feeding and refuge zones for a great diversity of wild flora and fauna, in addition to acting as a biological filter and a barrier against natural phenomena [54] . In Mexico, the mangroves have been directly and indirectly impacted by agricultural, livestock production, aquacultural and touristic activities. The region has two intensive and eight free-living mangrove UMAs registered. Within the modality of free-living UMAs, several have the objective of conservation and sustainable use of the mangrove; these include three species commonly known as red mangrove (Rhizophora mangle), black mangrove (Avicennia germinans) and white mangrove (Laguncularia racemosa). A fourth species, the button mangrove (Conocarpus erectus), is only managed in intensive UMAs. The management objectives are prominent for their contribution to the biological conservation of mangrove ecosystems and rural development [54, 55] . The latter is achieved through the production of timber for the construction of houses and production of charcoal, which can imply a socioeconomic benefit for the owners of the UMAs.
These mangrove management units cover an area of 7525 ha [56] and are managed by different ejido lands, a modality of land tenure in which the administration and management of resources is organized in a collective manner. Through this modality, governance of the mangrove UMAs management promotes the participation and collective decision-making of a large number of rural actors. From the constitution of these UMAs, the development of previously prohibited productive activities has been promoted in the mangrove ecosystems, encouraging legal trade. The ejido members involved in its management can now legitimize the use of the mangrove as a licit, ordered and sustainable activity [54] [55] [56] . The experiences of these members have been shared with other communities, favoring close links among peasants, building of capacities and the establishment of internal rules. In terms of the objectives of conservation, activities of repopulation and restoration are promoted in the mangrove, which are species subject to national and international protection [40, 46] . Likewise, conservation of the mangrove ecosystem is promoted, since its protection ensures the provision of ecosystem services and the formation of biological corridors [54, 55] .
Cedrela odorata (Red Cedar)
Due to its properties, the red cedar (Cedrela odorata) has been a forestry species preferred by human populations. However, due to the good quality of its timber, its natural populations have been placed at risk. Both its distribution areas and wild populations have been diminished considerably by intensive extraction of its timber in Mexico and in Mesoamerica in general [57] . Together with climatic change, overexploitation of this resource has caused deterioration and reduction of its habitat, as well as a loss of biodiversity [58] . This situation led to the inclusion of red cedar in Appendix III of CITES [47] , as well as a species subject to special protection (Pr) according to Mexican environmental laws [40] . It is distributed in the three states that comprise the study area (Chiapas, Tabasco and Veracruz), generally as a cultivated tree since its presence in wild form is rare or null due to overexploitation and clandestine felling. Nevertheless, it is an important part in the structure of family orchards, mainly for the ethnic groups found in the region, and also as a shade tree on livestock ranches or commercial forestry plantations as promoted several years ago by the National Forestry Commission (CONAFOR, by its Spanish acronym).
In order to reduce the pressures to which the red cedar is subject, actions of restoration, conservation and management were implemented for the sustainable use and future conservation of the species [59] . Since it is subject to special protection within the Mexican environmental laws [40] , from the year 2002, sustainable use of the red cedar as timber began to be regulated by the General Law of Wildlife (LGVS, by its Spanish acronym) under the UMA system. There are 514 red cedar UMAs registered at the regional scale, of which 458 are free-living and 56 are intensive. With respect to the free-living UMAs, despite being registered as such, the areas of these UMAs range from 0.3 to 2720 ha. The main activity of the red cedar UMAs is related to conservation through management and sustainable use of the species based on the growth curves of individuals.
Odocoileus virginianus (White-Tailed Deer)
The white-tailed deer is medium-sized cervid (males can weigh between 33 kg and 135 kg depending on the subspecies, with females weighing between 20% and 40% less than males). Only the males present antlers that change each year. It is one of the species of widest distribution in Mexico (apart from the peninsula of Baja California), with a total of 14 known subspecies. Of these, three are distributed within the study area: O. v. veraecrucis, O. v. thomasi and O. v. nelsoni. The white-tailed deer is the most important hunting species in Mexico and one that contributes significantly in economic terms, particularly in the northern states [24, 25] . It can occupy a broad diversity of ecosystems, although it prefers tropical low deciduous forest, mixed pine-oak forest, oak forest and xerophilic scrub [60] [61] [62] . In general, it reproduces once per year; gestation lasts approximately seven months, and one or two young are born between July and August. Population density ranges from <1 ind/km 2 (O. v. thomasi, [63] and O. v. nelsoni, [64] ) to >10 ind/km 2 (O. v. veraecrucis, [65] ).
In addition to its value for hunting, it presents a charismatic image [66] that has made the species a symbol for nature protection, thus contributing indirectly to the conservation of habitat and secondary species. From the pre-Columbine cultures, it has had a high value as a source of food and ornaments, with curative and ceremonial properties [67] , mainly for rural communities. For this reason, the deer are increasingly incorporated into productive activities, both private and communal [68] . Moreover, the legal possibility of obtaining economic benefits from the use of the white-tailed deer have influenced a change in attitude in terms of caring for and recovering the habitat and its local populations in some rural communities of the country [69] . While there are 41 free-living UMAs in the region, presenting areas that range from one to 5250 ha, most are intensive UMAs (69), with areas that range from 0.02 to 201 ha. For this reason, only the free-living UMAs are considered to effectively influence the conservation of biodiversity, since they attempt to preserve or improve the habitat, thus benefitting many species of flora and fauna, as well as significantly contributing to connectivity with other conservation zones such as the Natural Protected Areas (NPA).
Discussion
The development of management strategies by the Mexican government implies an exponential increase in the number of UMAs, resulting in a diminished capacity for monitoring by SEMARNAT [70] . Moreover, factors such as the lack of coordination among the different governmental levels, dependencies and the different sectors involved, as well as the lack of indicators and metrics of program evaluation [28] , the lack of a comprehensive evaluation of the results in terms of effectiveness for the conservation of wild populations and the economic benefits, and the lack of monitoring and the difficulty of periodic communication with the representatives of the UMAs, constitutes the main problems of the SUMA.
Also, the need to standardize, systemize and update the official databases is highlighted, since inconsistencies were detected among the information compiled from different official sources (SEMARNAT Delegations of Chiapas, Tabasco and Veracruz and SEDEMA), constituting the main obstacles we faced in this study. For this reason, the number of active UMAs and the area of coverage of conservation could have been underestimated for the national territory, as highlighted by Urquiza Haas [71] .
This gap in the information has contributed negatively to the perception of the impact and the effectiveness of this conservation policy at a national scale. In the case of the environment, public policies must be designed and managed based on proven diagnostics and valid and verifiable contents, since these policies assume a set of actions within a given geographic space [72] . In this sense, the need for key information that allows the carrying out of diagnostics to direct decision-making in management becomes even more important [73] . It could be said that the UMA scheme has been successful given the examples of the UMAs of white-tailed deer in the north of Mexico, which have generated important economic yields through hunting and favored habitat conservation that has facilitated the conservation of other species of fauna. However, given the biological, socioeconomic and cultural heterogeneity of Mexico, it is necessary to conduct evaluations at a regional scale in order to improve the degree of effectiveness of this policy of conservation [6, 31, 74] .
We have detected key elements of the current status of the SUMA at a regional scale and the form in which it contributes to wildlife conservation in Mexico. Of the UMAs registered and active at the time of analysis, all manage species under some category of risk according to the different national and international lists [40, 52, 54] . However, only 7.1% present within their management plans some priority species considered within the Program of Conservation of Species at Risk (PROCER, by its Spanish acronym) [75, 76] . This suggests that, even though SEMARNAT incorporated the Projects of Conservation and Recovery of Priority Species (PREP, by its Spanish acronym) into the UMAs program in 2007 [26, 70] , it remains necessary to seek suitable strategies for the improvement of species that are compatible with this conservation scheme.
Given that most of the priority species are seriously threatened or in danger of extinction, many are not subject to commercial exploitation in an extractive mode or one of derived products. One exception is presented by the UMAs of mangrove (Avicennia germinans, Laguncularia racemosa and Rhizophora mangle), which are mostly free-living UMAs in which, despite the fact that two of these are priority species, extractive exploitation is authorized and regulated through the UMA scheme. In this sense, the establishment of intensive UMAs for the main purpose of providing refuge for a species, with no objectives of reproduction, rehabilitation and/or prerelease and with small areas, does not actively contribute to the conservation and recovery of wild populations of the species in question. One effective strategy of greater impact, as proposed in this study, consists of promoting the establishment of free-living UMAs that contribute to increasing the area dedicated to conservation, through the incorporation of larger UMAs or those that are strategically grouped in areas of priority ecosystems that can favor connectivity between themselves and other conservation areas, such as the NPA [74] and areas dedicated voluntarily for conservation (ADVC). In this way, while the UMAs may not be destined for the management of determined species, their maintenance of the habitat implies that the conservation areas will potentially favor recovery through connectivity of ecological corridors. Another alternative strategy consists of driving the establishment of UMAs dedicated to conservation through environmental education, and ecotourism and ecosystem services that favor UMAs dedicated to the management of priority species or incorporating them into their management plans, together with other species of commercial or hunting use.
The results also reveal that 2.9% of the UMAs manage exotic species, which, while legally considered in the program, constitutes a strategy that does not contribute effectively to conservation of the native wildlife [77] . Moreover, attention must be given to the potential problems such as possible escapees, seed dispersion, and thus their introduction into habitats outside of their distribution range, contributing to an increase in the incidence of invasive species, as indicated in the National Strategy of Invasive Species [78, 79] , or even the transmission of diseases to native and domestic species. Other factors must also be considered, such as the lack of adaptation of the species or availability of resources or suitable infrastructure for their maintenance, since release of these individuals is not an ecologically viable option. The same situation must be considered for subspecies outside of their normal distribution area, as is the case with O. v. texanus, preferred for hunting because the males, due to the size of their antlers, are considered better trophies, in detriment to the local subspecies (and to their genetic variability) that do not present this characteristic.
On the other hand, as a positive aspect, we highlight the 8.3% of UMAs that include endemic species in their management plans. Their protection and sustainable management contributes significantly to the conservation of native wildlife [80] . Moreover, 94.3% of UMAs are focused on the management of native species. The growing interest over recent years in the conservation and management of these species was the result of an effective strategy driven by SEMARNAT in 2010 to grant subsidies for native wildlife [26] . This strategy has the objective of strengthening the integrated management of the habitat and of these populations through projects that allow the sustainability of their populations with a legal market of goods and services generated [26] .
Many studies of conservation worldwide suggest that, in addition to protecting the most important ecosystems of the planet, one of the main principles is also to protect the largest possible area of habitat [81, 82] . In the case of reserves or natural protected areas, for example, the area of conservation is directly related to the viability of the wild populations, species richness and rates of immigration, among other factors [83] . In the case of the free-living UMAs, the reason lies more in the form in which they contribute to increasing the area dedicated to conservation, improving the connectivity among conserved areas and thus favoring the metapopulation dynamics of many wild species [84] .
In addition, free-living UMAs help in turn to conserve ecosystems of great importance such as the mangroves, tropical montane cloud forest, temperate forest, tropical humid forest, tropical subhumid forest and hydrophilic, halophilic and gypsophilic vegetation, [24, 26, 85, 86] , as well as the species associated with these. One clear example of free-living UMAs that contribute both to the area of conservation and to the protection and restoration of complete ecosystems is presented by the UMAs of mangrove (Avicennia germinans, Laguncularia racemosa and Rhizophora mangle), which in the state of Tabasco alone correspond to 26% of the total number of UMAs registered statewide and cover an area within the regional SUMA that comprises 3.74% of the total area [45] , in addition to their important role as regulators of environmental phenomena on the coast.
We emphasize the importance of promoting these free-living UMAs and also suggest that they should cover a minimum area based on the spatial analyses and evaluations of indices of connectivity [74] . In the case of the mangrove, it would be a very effective strategy to promote UMAs that manage this type of timber species, since the study area alone contributes around 17% of the total area of mangrove at a national scale (according to the most recent cartographic map of base lines of mangroves that dates from 2010) [49, 50, 55] . In addition, it should be noted that the white and black mangroves (Laguncularia racemosa and Avicennia germinans) are considered priority species [76], for which reason this strategy would fulfill a twin purpose.
The same case could be replicated with other priority species managed in UMAs, for example, vascular plants such as Beaucarnea gracilis, Zamia furfuracea and Chamaedora metalica; birds such as Colinus virginianus, Ara macao and Ara militaris; mammals such as Alouatta palliata, Ateles geoffroyi and Tayassus pecari; amphibians such as axolotl (Ambystoma mexicanum) and insects such as the monarch butterfly (Danaus plexippus). Many of these are native to the tropical humid forest and tropical montane cloud forest at a regional scale [84] . Likewise, other species (priority or otherwise) could be included in the management; conservation of these species may favor or contribute directly or indirectly to the conservation of ecosystems and secondary species, as is the case with the free-living UMAs of white-tailed deer (Odocoileus virginianus) [24, [60] [61] [62] 68, 87] . For this reason, currently around 14% of the regional SUMA is constituted by UMAs in which this species is managed.
Another potential strategy is to incentivize UMAs for managing species that, while they may not be a priority, are under some category of severe risk, for example, species of the genus Beaucarnea (B. recurvata and B. pliabilis) [40, 47] . According to the results at a regional scale, conservation of this type of species (non-timber, slow growing, high commercial and aesthetic value) [51] is conducted mainly in small intensive UMAs. Its contribution in terms of conservation area is therefore not significant; however, it can contribute to reducing the illegal harvest of seeds and predation of wild individuals directly from their natural habitat, which are together the main sources of pressure on these species [47] . Furthermore, the development of seed banks of legal origins contributes to protecting the genetic reservoir of these species under threat of extinction [40, 58] .
In contrast to these examples are the UMAs of red cedar (Cedrela odorata), which constitute the greatest number of UMAs in the studied region (61.6%). Given that the red cedar and mangrove are both listed in the NOM-059-SEMARNAT-2010 [40] under some category of risk, and in conformity with the current legislation, their legal economic use is only possible through the UMA scheme. This change caused, from 2010, an increase in the number of free-living UMAs in Chiapas, Tabasco and Veracruz. This also reflects governmental initiatives implemented by the National Forestry Commission (CONAFOR, by its Spanish acronym), which promotes the establishment of commercial forestry plantations on land formerly used for agriculture and livestock production or areas that have lost their natural forest vegetation. This reforestation strategy is authorized with a minimum area of 5 ha and, although part of the objectives of sustainable forestry use is the conservation of biodiversity and maintenance of ecological processes, at least in the specific case of the red cedar, the result has been an explosion in the establishment of monocultures, which are managed with periodic clearings [88] .
The problem of the monocultures is related directly to the loss of biodiversity; they generate an effect similar to the syndrome known as "empty forest" [89] [90] [91] . The presence of tropical trees within a mature forest with the capacity for exploitation is generally considered a measure of the degree of conservation of the diversity of flora and fauna within the tropical forests [89] . However, the presence of trees with these qualities does not guarantee the presence of a resident fauna [89, 92] . In this way, plantations of cedar and other forestry species reduce the biodiversity of flora and, as a consequence, also impact the fauna, since this plantation type does not constitute suitable habitat for the many animals that cannot survive without the natural biodiversity of the forests that provides them with food and refuge [89] . Likewise, defaunation has a direct impact on the flora, since a loss of fauna implies a loss of functions of dispersion, thus favoring only those plant species that disperse abiotically or through the actions of small birds and mammals over those that depend on the dispersion capacity of medium to large birds and mammals [93] .
In this sense, the particular case of the UMAs of red cedar represents a clear example of the lack of articulation of governmental policies for environmental management; they are contradictory initiatives of conservation and exploitation of resources. The lack of communication among federal dependencies is a serious issue that presents errors in planning and favors the interests of particular social actors and limits the success of the UMAs or of any program of public administration.
In the case of the mangrove, given the great importance of its environmental and economic functions, CONAFOR began an ambitious program of restoration in 2013 in more than 7000 ha of mangrove, testing a methodology that demonstrates the recovery of deteriorated mangrove ecosystems [88] . This restoration project created temporary employment and an economic input for the local communities, as well as the opportunity to implement management programs that permit their use and are compatible with the UMA scheme.
Finally, through the planning and execution of the different strategies suggested here, we highlight the need to conduct explorations and spatial approaches prior to implementing any of these ideas. Indeed, we suggest spatial analysis as an instrument with which to determine priority zones for the establishment of UMAs and to determine the parameters that these must fulfill for incorporation into the SUMA. This type of analysis constitutes an innovative technique in decision-making and conservation management [74] , since it informs decision-making and allows identification of priority zones for conservation based on connectivity (structural and functional), permitting the establishment of spatial patterns within the landscape [94] [95] [96] . Some practical examples are the Integral Index of Connectivity (IIC), Index of Probability of Connectivity [97] and the Morphological Analysis of Spatial Patterns [94] [95] [96] .
Some current conservation strategies of Mexico and Latin America, such as the Program of Areas of Importance for the Conservation of Birds (AICAS, by its Spanish acronym) [98] [26] , among others, that use other criteria of analysis for the detection of environmental units, the physical and biotic characteristics of which favor conditions that are particularly important from the point of view of biodiversity conservation. Once these areas are defined, links are determined among them, proposing low impact developments to maintain the corridors or "stepping stones" that favor connectivity between core areas [75, 101, 102] (in all cases, the aim of connecting areas destined for conservation is to increase the potential conservation area). In this sense, the SUMA, as with the NPA and other priority areas, should contribute in turn to increasing the area of conservation at local scale, as well as at regional and national scales.
For this, prior to evaluation of functional connectivity, which represents the specific responses of movement or dispersion of each species to different elements of the landscape [83, 93] , consideration must first be given to the structural connectivity. The aim is to prioritize areas suitable for promoting the establishment of UMAs, whether for habitat conservation, priority species, species under some category of risk or wildlife in general, thus precluding in the first instance, the possible registering of UMAs that are isolated or located in non-priority zones.
Once structural connectivity is established, evaluation can begin of the specific functional connectivity of each species of interest in the same landscape and even for the same species in different landscapes. While structural connectivity does not necessarily imply functional connectivity [103, 104] , it does represent a first approach, understood as "the degree to which the landscape facilitates or impedes movement or dispersion through the patches" (among the UMAs and between the UMAs and other conservation areas) [103, 104] . Once the structural connectivity is evaluated, it is possible to configure the physical arrangements of spatial structures: in this case, clusters of UMAs that achieve an effective connectivity of the landscape among areas dedicated to or destined for conservation.
Based on our results, we propose a minimum desirable factor of potential connectivity of 20 (20 times the area of the UMA), which achieves connection with surrounding UMAs, reserves, NPA, or ADVC. The size of the UMAs for potential registration will then depend on this factor of connectivity. Given that the size of the buffer zone (area of influence) depends on the size of the area of the UMA, very small UMAs may require connectivity factors that are too large to achieve connection. On the other hand, application of the same connectivity factor for all of the UMAs would cause very large UMAs to be highly valued even when these possibly include zones of agriculture or livestock production and those of high anthropogenic activity, even including urban zones.
For this reason, the initiatives we propose point to encouraging the establishment of free-living rather than intensive UMAs. However, the permanence of some intensive UMAs is not completely discarded (subject to evaluation of priority areas for their establishment and the species to be managed), for example the UMAs of the genus Beaucarnea spp., since according to some authors [75, 93] , small patches (small UMAs) can contribute to the functional connectivity of the landscape as "stepping stones".
This dynamic of evaluation to connect UMAs and conservation areas in Mexico is comparable with some strategies that have already been tested in other Latin American countries, such as Brazil [75] . Through this process, which seeks to promote the metapopulational dynamic of the species [86] , and the flow and displacement of species through feasibly connected areas, it has been possible to successfully connect conserved remnants of forest. In this example, most of the areas that fulfill functions of key connectors between core areas are zones of non-restrictive protection, in which exploitation and land use must coexist with conservation, as currently proposed by the UMA model in Mexico.
In conclusion, the SUMA in the southeastern region of Mexico faces administrative problems related to poor interinstitutional communication, lack of standardized evaluation indicators and systematization and updating of information. Of the 273 species managed at the regional scale, the SUMA have had an impact mainly on those species that are in some category of risk, although specific evaluations are still lacking to determine the impact of management on the demography of wild populations. On the other hand, the two types of UMAs (intensive and free-living) must be evaluated differentially for their particular administrative characteristics, as well as to adapt the evaluation indicators in terms of their contribution to conservation. In their case, intensive UMAs, have a limited contribution to the conservation of wild populations of the managed species. There are few cases where intensive UMAs have breeding programs for threatened species. While it is feasible to propose strategies that provide economic incentives to promote the management of endemic and threatened species, it should be noted that, according to the legal approach of the UMA scheme, the objective is not for the government to subsidize operation of the UMA, but rather that they are self-sustaining. We propose to promote the establishment of free-living UMAs that would contribute to increase the conservation areas, by incorporating larger areas for conservation or that UMAs be established strategically in corridor areas of priority ecosystems that favor connectivity between UMAs, and other conservation schemes such as protected areas and voluntary community conservation lands. Also, it is necessary to review and reorient the UMA scheme of forest monocultures, although they may be considered in connectivity but not in terms of conservation of biodiversity, since they do not constitute an adequate habitat for many species, and administratively, they do not promote the articulation of government policies for conservation management. through the project "Evaluation of the Management Units for the Conservation of Wildlife (UMAs) as a national conservation policy" (PN-4106/2016) with the Instituto de Ecología A.C. (INECOL) and in collaboration with El Colegio de la Frontera Sur (ECOSUR) and the Universidad Autónoma de Chiapas (UACH). We appreciate the collaboration of the Secretaría del Medio Ambiente y Recursos Naturales (SEMARNAT) in the federal offices and the Delegations of Chiapas, Tabasco and Veracruz for the facilities provided for accessing the official SUMA databases. We especially thank those who collaborated in the development of this study by providing information, databases, cartography and supporting with information analysis; Angélica Hernández Guerrero, Carlos I. Flores Romero, Uriel Echavarría Dominguez and Luis M. García Feria. We also want to thank those who reviewed earlier drafts of this manuscript; Ricardo Contreras Osorio, Alberto González Romero, Luis M. García Feria, Luciana Porter Bolland, three anonymous Reviewers and an anonymous Academic Editor for their valuable comments, as well as Keith MacMillan for translation of the text into English.
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The authors have no conflicts of interest to declare. Appendix A Figure A1 . Approximation of the relationship between the connectivity factor and the area of overlap between UMAs with Weighted Least Squares fit.
In a linear regression based on the conventional least squares method, requirements must be fulfilled: (1) that there is no correlation between variables; (2) that the values of independent variable X are free of error; and (3) that the associated error of the dependent variable Y has a normal distribution. If requirements 2 and 3 are not met, the method of Weighted Least Squares (WLS) can be applied.
The WLS method does not fit to the data one function that can be easily described by a single formula and plotted independently from the data. But the method fits a curve to the data by a second-order polynomial regression which is calculated for each value on the X independent In a linear regression based on the conventional least squares method, requirements must be fulfilled: (1) that there is no correlation between variables; (2) that the values of independent variable X are free of error; and (3) that the associated error of the dependent variable Y has a normal distribution. If requirements 2 and 3 are not met, the method of Weighted Least Squares (WLS) can be applied.
The WLS method does not fit to the data one function that can be easily described by a single formula and plotted independently from the data. But the method fits a curve to the data by a second-order polynomial regression which is calculated for each value on the X independent variable scale to determine the corresponding Y dependent variable value such that the influence of the individual data points on the regression (i.e., the weight) decreases with their distance from the particular X independent variable value (i.e., sums of squares).
The application of WLS fitting on the connectivity factor and its associated uncertainty versus the overlap area [according to the four criteria, see section (B) Spatial analysis of the optimum factor of potential connectivity among the UMAs and the area dedicated to conservation at regional level] of the calculated buffers for the UMAs that depend on their surface indicates that the connectivity factor 20 has the minimum value that adjusts with the overlap area ( Figure S1 ). The upper factor values also adjust, but while the overlap area increases also overlap with cities, villages, highways, crops, livestock production lands, and others areas with high human activities. Then, the great overlap area is an artifact where not increase the real habitat area for wildlife.
